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Abstract 

Normal mesenchymal cells within developing embryonic organs and trans- 
formed stromal cells in organs undergoing spontaneous carcinogenesis have 
the capacity for normal or altered expression of the extracellular matrix glyco- 
protein tenascin (Tn). Mesenchymal cell constituents of normal adult organs 
show only a very limited tendency to deposit Tn in their extracellular matrix. 
In the present study, we investigated whether malignant human mesenchymal 
cells derived from uterine sarcomas or normal human endometrial stromal 
cells partially transformed via transfection with selected oncogenes have the 
capacity to produce and deposit Tn. We reached the following conclusions: 
(1) compared with normal endometrial tissues, uterine sarcomas show heter- 
ogeneous, but increased, immunoreactive staining patterns exclusively within 
the extracellular compartment, regardless of the histologic subtype of the 
tumor; (2) in vitro, all normal and transfected stromal cells and cell lines 
examined secreted Tn into the tissue culture medium; (3) this secretory abil- 
ity was not translated into morphologic uniformity, since immunoreactivity 
detected by confocal laser scanning microscopy was observed in only selected 
cell populations; (4) also, the deposition and the incorporation of Tn 
depended upon the density of transfected cells, and (5) double-staining exper- 
iments revealed that Tn could always be localized in close proximity to fibron- 
ectin. In summary, the production of Tn is increased in most cases of human 
uterine sarcoma. The capacity of stromal cells to deposit Tn in a matrix-like 
structure in vitro, rather than increase production of Tn, is correlated with the 
degree of neoplastic progression. 



Introduction 

Tenascin (Tn)/hexabrachion proteins are newly char- 
acterized glycoproteins of the extracellular matrix, which 
have been discovered independently in a number of labo- 



ratories [reviewed in ref. 1-4]. Recently, we have reported 
on the spatial and temporal constraints, on the expression 
of Tn in the stroma of normal and progressively trans- 
formed rodent and human uterine tissue and its ubiqui- 
tous presence in the stroma of endometrial adenocarcino- 
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mas [5, 6], These observations are analogous to other 
reported findings in mammary carcinomas of humans [7] 
and mice [8, 9] as well as in human gliomas [10, 1 1]. 

Two possible functions of Tn that might be related to 
carcinogenesis have been identified in cell culture experi- 
ments. The first is an ability to inhibit cell adhesion to 
fibronectin [12]. Lightner and Erickson [13] found that 
inhibition was effected by a steric blocking mechanism 
(the hexabrachion molecule covers up the cell-binding site 
on fibronectin), but additional mechanisms involving 
receptor-mediated cell signalling are also possible. Tn 
expression has been correlated with cell migration in 
embryonic development [14-17], and might be similarly 
involved in metastasis. The second possible function is as 
a growth factor, although there is still only a single report 
of mitogenic activity of Tn [8]. To understand the role of 
Tn in carcinogenesis, it appears to be necessary to recog- 
nize the factors or conditions that regulate its expression. 
Cell culture experiments demonstrated that Tn could be 
induced in chicken skin fibroblasts by culturing them in 
conditioned cell culture supernatants from human MCF7 
breast cancer cells [18] or in the presence of TGFp [18, 
19]. Some mesenchymal tumor cells, such as the human 
glioma line U251-MG, secrete large amounts of Tn with- 
out stimulation. 

In the present study, we use several research tech- 
niques to determine the nature and extent of Tn expres- 
sion in endometrial stromal cells derived from patients, as 
well as human endometrial stromal cells partially trans- 
formed in vitro by the transfection of large T antigen 
alone [20, 21] or in combination with the c-Ha ras (EJ ras) 
oncogene. These findings allowed us to determine 
whether human endometrial stromal cells alone are suffi- 
cient for the expression and deposition of Tn, or if factors 
produced by epithelial cells are necessary for these pro- 
cesses to occur. 



Material and Methods 

Tissue Culture 

Endometrial tissue was obtained with informed consent from 
hysterectomy specimens with no evidence of intrinsic endometrial 
disease [22]. Endometrial tissue was digested in a 0.2% collagenase 
solution, and the normal endometrial stromal cells (HESC) were sep- 
arated from their glands by a series of centrifugations, as previously 
described [23]. Monolayer cultures of stromal cells were maintained 
in a 1:1 mixture of Opti-MEM I with 2-mercaptoethanol and RPMI 
1640 (Gibco) supplemented with 1% heat-inactivated fetal bovine 
serum (FBS), 3% bovine calf serum (HyClone), 2 ug/ml insulin, 4 
mM glutamine, 2 X nonessential amino acids (Gibco), 10,000 U/ml 
penicillin, 10 mg/ml streptomycin and 2 ug/ml amphotericin B (Sig- 



ma). Experiments were performed in two different media. Cells were 
transferred into these media at least 1 week prior to the experiments. 
One of these media was based on DMEM without phenol red, and 
contained 5% FBS (HyClone), 2 ug/ml insulin, 4 mM glutamine 
(Gibco), 10,000 U/ml penicillin, 10 mg/ml streptomycin and 2 ug/ml 
amphotericin B (Sigma). The second was a serum-free medium based 
upon a 1:1 mixture of DMEM and FI2 supplemented with 2 ug/ml 
insulin, 4 mM glutamine, 40 ug/ml transferrin, 10 -8 M hydrocorti- 
sone, 2 X 10" 8 M sodium selenite and 1 mg/ml putrescine (all Gib- 
co). 

Cell Types 

Neonatal human foreskin fibroblast (HUFF) cells were from Dr. 
Lightness source stock and were maintained as described above. 
Human sarcoma cells were obtained from clinical samples of patients 
undergoing surgery for uterine sarcomas at the University of North 
Carolina Hospitals and were maintained in long-term culture [24]. 

Transfection Protocol 

Approximately 10 6 human endometrial stromal cells (HESC) 
were electrophoretically transfected with 100 ug/ml of plasmid DNA 
in Opti-MEM at 4.0 kV/cm 2 for 30 us. Cells were transfected with a 
simian virus 40 (SV40) construct defective in the origin of replica- 
tion, and coding for a mutant temperature-sensitive antigen (tsSV40) 
plasmid construct [25]. Cells were held at confluence until colonies of 
morphologically altered cells appeared. These were subcultured us- 
ing cloning rings. After obtaining a clonal population, HESC express- 
ing the tsSV40 large T antigen were maintained in culture at the per- 
missive temperature for large T antigen function (33 °C), and a por- 
tion of the population transfected with an activated c-Ha ras onco- 
gene carried by the plasmid PSV 2 neo/EJ [26, 27], kindly provided by 
Dr. Marc Mass (US EPA, Research Triangle Park, N.C, USA). EJ 
ras-transfected cells were then isolated by G4 1 8 selection and main- 
tained in culture at the permissive temperature. 

Immunohistochemistry and Western Blot Analysis 

Cell tpyes described above were plated onto 4-well multitest Lab- 
Tek plastic slides (Miles Scientific, Naperville, 111., USA) at a density 
of 20,000 cells per well. HUFF, normal HESC and S7 sarcoma cells 
were maintained at 37 °C for 5-7 days prior to staining. Normal 
HESC (control) and HESC transfected with the tsSV40 construct 
(HESCsv4o) with or without the EJ ras oncogene (HESC SV 4(Hras) were 
maintained at the permissive temperature (33 °C) for large T-antigen 
function for 3 days. One set of slides containing all three cell strains 
was transferred to the nonpermissive temperature (39 °C), while the 
other set of slides was maintained at the permissive temperature. 
Cells were permitted to grow at these conditions for 4 days. In some 
control experiments, cells were grown at the nonpermissive tempera- 
ture immediately after plating. 

For. the immunohistochemical studies in situ, formalin-fixed, 
paraffin-embedded tissue from human endometrial sarcomas ob- 
tained from the University of North Carolina Hospitals was pre- 
pared and processed as described previously [5, 28]. 

Tn staining of the cells was performed in the following manner 
cells were washed twice with PBS after removing the media, fixed in 
3.7% formaldehyde in PBS for lOmin at room temperature, and 
subsequently rinsed in PBS. The cells were then permeabilized for 
7 min with acetone at -20 °C and air dried. The cells were then incu- 
bated in 200 |xl per well of polyclonal anti-human Tn, prepared as 
described elsewhere [29], at a 1:1,000 dilution for 1 h at room tern- 
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oerature Following this, cells were washed in PBS, and incubated for 
a further 30 min at room temperature with a 1:32 dilution of fluores- 
cein isothiocyanate (FITC)-labelled sheep anti-rabbit IgG (Sigma). 
Cells were washed with PBS, mounted in media consisting of 5% 
n-propylgallate and 0.25 % diazobicyclooctane [30] in polyvinyl alco- 
hol [31] and observed with a Zeiss confocal laser scanning micro- 
scope (CLSM) at a magnification of X 1 ,260. 

Double staining was performed in the following manner: the 
fixed and acetone-treated slides were first incubated with the poly- 
clonal anti-human Tn antibody and secondary FITC-labelled sheep 
anti-rabbit IgG, as described above. After 3 washes with PBS, slides 
were incubated with 200 ul per well of monoclonal anti-human 
fibronectin (Sigma) at a 1:20 dilution for 1 h at room temperature, 
washed in PBS and incubated for a further 30 min with a 1 : 1 6 dilu- 
tion of a tetramethylrhodamine isothiocyanate (TRITC)-labelled 
sheep anti-mouse IgG (Sigma). Slides were mounted as described 
above and examined in a Leitz or Nikon fluorescence microscope 
equipped with the appropriate filters. 

For Western blotting, cell culture supernatants were removed 
from 60-cm 2 culture dishes, and 1 ml of sample buffer for SDS-elec- 
trophoresis was added. The dishes were heated in a boiling water 
bath and extracts applied to a 4-15% PAGE-Phastgel (Pharmacia). 
After electrophoresis, proteins were blotted to Nylon membranes by 
thermoblotting. After blocking with bovine serum albumin, mem- 
branes were incubated with the polyclonal anti-Tn antibody (diluted 
1:500). The Nylon membranes were incubated with an alkaline-phos- 
phatase-labeUed sheep anti-rabbit IgG antibody or sheep anti-mouse 
IgG antibody, respectively (both Dianova, Hamburg, FRG), and the 
antigen was visualized using a picoBlue detection kit (Stratagene 
. Heidelberg, FRG). 

Tn Secretion 

Secretion of Tn was measured with an ELIS A as described else- 
where [29]. To prepare cell culture supernatants to be tested, approx- 
imately 40,000-50,000 cells were seeded in 60-mm tissue culture 
dishes (Falcon) in the presence of 4 ml of culture medium. After 4, 7, 
10 and 14 days in culture, the cell culture supernatants were sampled 
and analyzed. In parallel, cells were trypsinized from the culture dish 
and counted using a Coulter counter. Amounts of secreted Tn were 
expressed in nanograms per milliliter of cell culture supernatant or 
picograms of Tn secreted per 100 cells per day. 



Results 

Uterine Sarcomas 

One dozen cases of uterine sarcomas of differing histo- 
logic type were obtained from the Surgical Pathology files 
of the University of North Carolina Hospitals. They 
included cases who had undergone definitive surgery for 
malignant, mixed Mullerian tumors, stromal sarcomas 
and leiomyosarcomas. By immunocytochemistry, we 
were able to discriminate four different staining patterns 
in this heterogeneous group. In only 1 case (fig. lc) were 
we unable to detect immunoreactivity for Tn within the 
tissue. In the majority of cases, we detected Tn staining 



either seen diffusely within the extracellular space 
(fig. Id), as varying amounts of both linear and diffuse 
staining (fig. le), or as an intense flooding in the extracel- 
lular compartment, where most cells were surrounded by 
a band of Tn immunoreactivity (fig. If). In no case was 
staining limited to the mesenchymal tumor cells them- 
selves. For comparison, the staining pattern in the normal 
endometrial stroma at late proliferative stages of the men- 
strual cycle (fig. la) was that of minimal Tn, present only 
around epithelial glands. It was also undetectable during 
the secretory phase of the menstrual cycle (fig. lb) in 1 
case of uterine sarcomas. 

Transfection Studies ofHESC 

For the in vitro part of this study, we used normal 
HESC. Transfection of the tsSV40 large T antigen into 
normal HESC (HESC SV 4o) resulted in low copies of the 
transfected gene being expressed, a prolonged life span 
and, in contrast to normal HESC, it allowed them to grow 
in culture medium without serum [25]. After the addi- 
tional transfection of the c-Ha ras (EJ ras) oncogene 
(HESC S v40nis), these cells tended to form colonies, regard- 
less of whether they were grown at the permissive or non- 
permissive temperature. As shown previously, HESC 
transfected with the EJ ras oncogene exhibited positive- 
staining regions of the cytoplasm when stained with an 
antibody specific for the EJ ras protein product [32]. 

Tn Production and Secretion 

The amounts of Tn secreted by individual cell types 
into the cell culture supernatants are shown in figure 2. 
This figure shows that all cells and cell lines tested were 
capable of producing and secreting Tn in a medium con- 
taining serum. It also demonstrates that transfected cells 
produce 5- to 10-fold more Tn normal HESC and neona- 
tal fibroblasts. As can be deduced from this figure, prolon- 
gation of the life span by SV40 resulted in an increase of 
Tn secreted (fig. 2e), this is partially reduced after the 
additional introduction of the EJ ras oncogene (fig. 2f). If 
the amount of Tn secreted during the culture period is 
plotted as a function of the duration of the culture period, 
the amount of secreted Tn always increases with the dura- 
tion of the experiment in permissive culture conditions 
(fig. 2a, c). However, if the amount of Tn measured in the 
cell culture supernatant is normalized to the number of 
cells per culture dish, we found that this previous observa- 
tion holds for the HESC tested (fig. 2b). It does not hold 
for neonatal HUFF cells and transfected HESC, where the 
amount of Tn secreted first increases and then slightly 
decreases after extended culture periods (fig. 2d-f). 
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Fig. 1a-f. Tn in uterine sarcomas. In sec- 
tions of normal human endometrial tissue 
little if any Tn immunoreactivity is detect- 
able during the proliferative phase (a) but 
not during the secretory phase of the men- 
strual cycle (b). We were able to discriminate 
four different staining patterns of Tn in uter- 
ine sarcomas. In a small percentage of cases, 
we failed to detect Tn expression in both 
tumor cells and stroma (c). However, in 
another subset of cases, the extracellular 
space was partially filled by Tn immunoreac- 
tivity (d). The third group of cases could be 
characterized as revealing unstained neo- 
plastic cells with varying amounts of extra- 
cellular immunoreactivity, showing both lin- 
ear and diffuse staining of Tn (e). Clearly the 
largest group was characterized by an intense 
flooding of Tn in the extracellular compart- 
ment. Almost each cell was surrounded by a 
band ofTn (f). 





Deposition ofTn byHESCand Transfected HESC 
Western blot analysis revealed that cellular Tn and Tn 
deposited pericellularly was present in all cell lines used in 
this study (fig. 3). Confocal laser scanning microscopy 
and immunomicroscopy revealed significant differences 
in Tn localization in the cell cultures examined. Normal 
HESC displayed granular, sparse Tn staining, predomi- 
nantly in the perinuclear regions on what appeared to be 
rough endoplasmatic reticulum (RER) (fig. 4a). Very little 
deposition of Tn between cells was found. In contrast, 
neonatal HUFF a large amount of Tn in a pericellular 
localization (fig. 4b). Examination of HESCsvw showed 
that the number of cells stainable for Tn in a perinuclear 
localization (fig. 4c) was increased, and Tn was also found 
between cells. Inhibition of large T antigen function at the 
nonpermissive temperature (39 °C) caused cells to revert 
to their normal HESC-like appearance (fig. 4d). 
HESCsv40ms at permissive (fig. 4e) and nonpermissive 
temperatures (fig. 40 tended to form focal areas with 
extensive, fine networks of Tn between the cells. At the 



permissive temperature for SV40, we found that the peri- 
nuclear deposition of Tn in HESCsv4o+ras reappeared, but, 
in contrast to HESCsv40> the staining for extracellular Tn 
persisted (fig. 4f). S7 sarcoma cells obtained from a uter- 
ine sarcoma [24], exhibited large amounts of Tn deposi- 
tion between cells, whereas the appearance of Tn in a peri- 
nuclear localization was largely absent (fig. 5, left lane). 

Cell density appeared to affect Tn deposition in 
HESCsv40 at 33 °C. Normal HESC, which have no capac- 
ity to grow as cell clones, usually arrest in growth at con- 
fluency without any appreciable Tn accumulation be- 
tween cells. In cells expressing the tsSV40 construct the 
Tn staining detectable in a pericellular region increases as 
cells form colonies. 

Spatial Distribution ofTn 

If cultures of endometrial stromal ceils are stained with 
Tn and viewed by the CLSM, the plane of localization of 
Tn can be analyzed. In figure 5, optical sections 1 \im 
apart in culture HUFF cells (right lane) and S7 sarcoma 
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Fig. 2a-f. Tn secretion, a, b Secretion by normal HESC. a Cell 
number (•) and Tn (o) accumulated in the medium at different times 
in culture, b Tn normalized against cell number. c,d Same analysis 
of HUFF cells. e,f Normalized Tn secretion for the transfected cells 
at the permissive temperature, e HESCsv4o, f HESCsv+ ras- 

Fig. 3a-h. Western blot analysis of cultured cells. All cells and cell 
lines used in this study were capable of producing Tn. In purified 
forms, Tn is shown as a large band with a molecular weight of 320 
kDa (a). In the other lanes, Tn is extracted from normal HESC (b), 
from tsSV40 transfected HESC at permissive (c) and nonpermissive 
temperatures (d). Tn produced by cells cotransfected with the tsSV40 
large T antigen and the EJ ras oncogene are shown at permissive (e) 
and nonpermissive emperatures (f). Finally, Tn extracted from S7 
sarcoma cells (g) and from neonatal HUFF is shown (h). 
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Fig. 4a-f . Deposition of TN by HESC 
and transfected HESC. In cultures of normal 
HESC, most cells did not stain, and those 
that did showed Tn localized in a perinu- 
clear region (a). In cultures of HESCsv40 at 
the permissive temperature, almost all cells 
showed perinuclear Tn staining, and there 
were small amounts of Tn between cells (c). 
At the nonpermissive temperature, these 
cultures were similar to HESC (d). In cul- 
tures of HESCsv40fras at me permissive tem- 
perature, Tn is localized predominantly in 
fine networks between cells (e). At the non- 
permissive temperature, these cultures still 
showed the matrix deposition between the 
cells, and also showed more prominent peri- 
nuclear staining (f). Neonatal HUFF cells 
are shown for comparison (b). 




cells (left lane) are shown. The cells or clusters of cells are 
sectioned from the top of the cells towards the adhesion 
points of the cells on the culture dish. The amount of 
staining and the staining intensity appeared highest to- 
wards the midplane of the cells or cell colonies if sec- 
tioned through the whole cell layer. 

Serum-Free Culture Conditions and Tn Expression 
For some cell lines, serum or growth factors in the cul- 
ture medium stimulate secretion of Tn in vitro in the 
absence of any exogenous stimulation by epithelial cells 
[19]. We, therefore, questioned whether the partial trans- 
formation of HESC makes them capable of expressing Tn 
under serum-free culture conditions by an autocrine 
mechanism. All cell types used grew and multiplied in the 
serum-free medium described above except normal 
HESC. All cell strains grown under serum-free conditions 
secreted amounts of Tn which were below the threshold of 



the ELISA procedure. If the serum-free cultures were ana- 
lyzed immunocytochemically by confocal fluorescence 
microscopy, trace amounts of Tn could be visualized in 
cultures of neonatal HUFF cells, HESCsv40+ras cells, and 
S7 sarcoma cells. No Tn could be visualized in normal 
HESC and HESCsv4o kept under serum-free culture con- 
ditions (data not shown). 

Colocalization ofTn and Fibronectin 

Fibronectin is a major component of the extracellular 
matrix of most cell cultures. We, therefore, investigated 
the relationship between fibronectin and Tn by colocaliz- 
ing them in cultures of normal and transfected HESC 
using an FITC-labelled sheep anti-rabbit antibody for the 
demonstration of Tn, and a TRITC-labelled sheep anti- 
mouse secondary antibody for fibronectin visualization. 
In all cell lines analyzed, we did not detect the deposition 
of Tn without the deposition of fibronectin in close appo- 
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sition (fig. 6). However, the deposition of fibronectin was 
found to be much more ubiquitous (fig. 6c,g,i) than that 
of Tn (fig. 6d,h,j). Further, many fields contained fibro- 
nectin immunoreactivity alone without accompanying 
Tn expression. 



Discussion 

We have studied the occurrence, distribution and 
amount of Tn in mesenchymal tumors of the human uter- 
us. We found that almost all uterine sarcomas were 
immunoreactive for Tn, either diffusely within the extra- 
cellular space or as a discrete band circumferentially lin- 
ing every cell. In those few cases which appear to demon- 
strate an absence of immunoreactivity we cannot com- 
pletely exclude the possibility that this is secondary to a 
tissue or preparative artifact. In tissue derived directly 
from patients, there appears to be no correlation with his- 
tologic type or 'age' of the clinical material. Admittedly, 
the number of cases examined is small. We have also 
examined Tn expression and deposition in defined cell 
lines and strains. We found that the capacity of stromal 
cells to incorporate Tn into the extracellular matrix both 
in vivo and in vitro, rather than their capacity to synthe- 
size Tn, at least in vitro, is correlated with the degree of 
transformation of these cells. Sarcoma cells, HESCsv40+ras 
and neonatal HUFF cells deposit Tn into a matrix-like 
structure. HESC S v40 exhibited this specific feature only to 
a lesser extent. 

Normal HESC secreted about half as much Tn as 
HUFF cells, but failed to incorporate any Tn into a 
matrix-like structure. In the HESC cultures Tn was found 
predominantly in a perinuclear location, probably the 
RER and/or GolgjL A perinuclear stain, presumably of the 
RER, has also been described for fibronectin in mouse 
embryonic palatal mesenchymal cells [33] and in hepato- 
cytes of rats with endotoxemia or sepsis [34]. In nonin- 
jured corneal endothelial cells, fibronectin was observed 
in RER cisternae, where it is released 48 h after injury to 
be deposited at the cell's Descemet's membrane interface 
[35]. Finally, the site of expression and deposition of the 
chicken integrin p r subunit in mouse NIH 3T3 cells 
appears to be predominantly on the endoplasmatic reticu- 
lum and not the plasma membrane [36]. 

Tn may be involved in two aspects of carcinogenesis: 
tumor proliferation and tumor progression. It has been 
shown in this manuscript and by others that Tn is closely 
associated with fibronectin [37]. In addition, it has been 
suggested that Tn possesses two contrary functions [38]; 




Fig. 5a-k. Optical sections of cells. Cultures of normal HUFF 
cells (right lane) and S7 sarcoma cells (left lane) were optically sec- 
tioned at intervals of 1 um from the top of the cells towards the bot- 
tom of the culture dish. A differential interference contrast (DIC) 
image of the respective cell line is shown (a,g; see text for details). 
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Fig. 6 a-j. Colocalization of Tn and fibronectin. Using an FITC-labelled sheep-anti-rab- 
bit secondary antibody for detection of Tn (right column) and a TRIC-labelled sheep anti- 
mouse secondary antibody for detection of fibronectin (left column), we were able to colocal- 
ize both components of the extracellular matrix in all cell lines tested. Shown are normal 
HESC (a,b), tsSV40 HESC (c,d), tsSV40 HESC transfected with the EJ ras oncogene (e,f), 
and S7 sarcoma cells (g f h), HUFF cells were used as controls for comparative studies (i, j). 
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promotes attachment of cells to the Tn/hexabrachion 
moiety, while at the same time It facilitates the process of 
tumor invasion because of its antiadhesive ability to 
inhibit cell attachment to fibronectin. A positive correla- 
tion between cell migration and an increased appearance 
of Tn has already been observed during neural crest devel- 
opment [16]. In our studies, prolongation of the life span 
of cells by transfection of the SV40 large T antigen 
resulted in an increased production of Tn. The additional 
transfection of an EJ ras oncogene produced more aggres- 
sive cells that are able of invading a reconstituted base- 
ment membrane [39]. These cells produce less Tn than 
HESC S v40 do, however they have a higher capacity to 
accumulate Tn on the cell surface. 

During tumor cell proliferation, Tn may interact and 
participate in a feedback loop of epithelial/mesenchymal 
interactions. As a substrate for cell cultures, it has been 
shown to stimulate growth of mammary carcinoma cells 
in vitro [8]. Furthermore, it has been shown that produc- 
tion of Tn by embryonic chicken skin fibroblasts in cul- 
ture could be stimulated by serum, TGFp in serum-free 
medium, and serum-free medium that was conditioned 
by MCF7 breast carcinoma cells [18, 19]. In addition, it 
has been established that TGFp in MCF7 cells can be 
stimulated by hormonal treatment [40]. Therefore, Tn 
expression might be regulated indirectly by hormones. 



In conclusion, Tn appears to be a valuable marker gly- 
coprotein for studying several aspects of endometrial car- 
cinogenesis. Tn expression and deposition appear to coin- 
cide with the malignant transformation of stromal cells; 
increased amounts of Tn are found as matrix-like mate- 
rial between cells during neoplastic progression. Finally, 
the down-regulation of Tn in adult mesenchymal cells 
appears to reflect the stage of differentiation of the respec- 
tive cells or tissues. 
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